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Compared with human cortical bone, traditional metals such as titanium used for bone 
plate fixation may cause stress shielding. Therefore, the utilization of bio-based 
(biopolymer) composites has recently increased in popularity due to the fact that these 
polymers reduce the stress shielding effect and do not release harmful substances. This 
paper aims to fabricate a high-strength biocompatible bio-composite material and 
proposes its use for bone plate fixation, particularly for the femur bone. For making these 
bio-composite bone plates, bio-epoxy is used as a matrix reinforced with pumpkin 
particles at a fixed fraction (2%) and different layers of flax or Ultra High Molecular 
Weight Polyethylene (UHMWPE) fibers, in addition to carbon and glass fiber 
reinforcements as a hybrid lamination composite. The material is produced by the hand 
lay-up molding method. We measured the percentages of elongation, tensile modulus, 
and tensile strength, and using SEM, the morphological behavior of fractured tensile 
samples was examined. The findings of this study illustrated that the type and number of 
reinforcing layers significantly altered mechanical properties. Hence, the findings 
indicated that the bio-composite consisting of 4 layers of UHMWPE fiber and 2 layers 
of carbon fiber was the best laminated composite specimen, where tensile strength and 
modulus of elasticity reached 134 MPa and 4.7 GPa, respectively. The experimental test 
results demonstrated that orthopedic bone fracture plates can be made using this hybrid 
bio-composite. 
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1. INTRODUCTION

Materials used in structural and other applications have
evolved significantly throughout the recent decades [1-6]. In 
recent years, natural and hybrid composite materials have 
gained attention for mechanical and industrial uses in addition 
to medical applications of bone plate fixation [7, 8]. The 
integration of natural fibers with synthetic reinforcements in 
polymer matrices has led to the development of bio-
composites that offer desirable mechanical properties and 
improved biocompatibility. In the context of orthopedic 
applications, bio composites provide an advantage by reducing 
stress shielding which enhances bioactivity, and mimics the 
mechanical behavior of natural bone more closely than 
traditional metallic implants [9, 10]. However, challenges 
remain in achieving consistent interfacial bonding that 
optimize fiber-matrix compatibility, and ensure long-term 
stability in physiological environments. 

Long bone fractures can be effectively treated with internal 
fixation utilizing plates and screws. Metals like titanium and 
its alloys, cobalt-chromium alloys, and stainless steel are the 
primary materials used in bone plates. Nevertheless, stress 
shielding caused by the use of metal plates with a high elastic 
modulus for rigid fixation can result in refractures, bone 

atrophy, and osteopenia, particularly beneath the plates. 
Furthermore, biomaterials must exhibit superior bio 
functionality and biocompatibility; metal plates are not 
bioactive and are not the ideal materials for internal fixation. 
Thus, a variety of biomaterials, particularly polymers, have 
been studied for use as bone plates [11, 12]. The goal of this 
study was to develop a new bio composite bone plate with 
suitable biomechanical strength and high bioactivity. Bio-
epoxy, known for its excellent mechanical and tribological 
properties, high chemical resistance, and biocompatibility, is 
widely used in medical applications. To enhance its 
tribological response and mechanical behavior, fillers or 
reinforcements are added to the polymer. Research has 
focused on developing polymer-based composite materials 
using both synthetic and natural reinforcements for bone 
implants-composites with elastic moduli close to that of 
cortical bone and slightly higher strength-as promising 
candidates for long bone fracture treatment. 

Recently, Kim et al. investigated the effectiveness of 
flexible composite bone plates made of carbon fiber/epoxy and 
glass fiber/polypropylene applied to tibial bones with 
diaphyseal oblique fractures [13]. Bagheri et al. [14] fabricated 
CF/flax/epoxy composite plates for bone fracture fixation and 
found that the carbon fiber/flax fiber/epoxy composite 
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demonstrated comparable cell survival to medical-grade 
stainless steel, with no adverse effects on gene expression 
involved in bone formation. Manteghi et al. [15] proposed flax 
fiber/glass fiber/epoxy sandwich hybrid composites for bone 
fracture fixation plates. Soundhar and Jayakrishna [16] 
demonstrated that the inclusion of chitosan particles into 
epoxy improved its mechanical properties for bone fracture 
applications. Zhao et al. [17] developed a nano-
hydroxyapatite/polyamide 66/glass fiber composite, and 
histological studies confirmed that new bone formed at the n-
HA/PA66/GF interface, integrating with native tissue. The 
composite plate also maintained radiographic transparency 
and fracture stability without breaking. Sarwar et al. [18] 
created a novel Kevlar/flax/epoxy hybrid sandwich composite 
for bone plate use. Their results showed significant 
improvement in torsion, tension, and compression strength, as 
well as reduced moisture absorption due to Kevlar 
hybridization. Compared to human cortical bone (tensile 
strength: 107–146 MPa; modulus: 11.4–19.1 GPa), the KFE 
hybrid composites demonstrated superior tensile strength 
(201.5–335.7 MPa) and modulus (15.3–30.5 GPa), indicating 
their ability to withstand greater loads and reduce stress 
shielding effects. Kabiri et al. [19] fabricated glass 
fiber/polypropylene composites reinforced with three fiber 

types and evaluated the influence of fiber type, orientation, and 
volume fraction on the tensile, flexural, compression, shear, 
and impact properties of the resulting fixation plates. 

2. MATERIALS AND METHODS

Liquid bio-epoxy resins with an equivalent weight of 182–
192 g/eq and a density of 1.16 g/cm³ (supplied by Dow 
Chemical Company, China) were used as matrix materials. 
Pumpkin powder (with an average particle size of 1.5 µm), 
woven flax, UHMWPE, carbon, and glass fibers were used as 
reinforcement materials in this research for the fabrication of 
bone plate fixation samples. A mold made of glass with 
dimensions of 25 cm × 25 cm × 0.4 cm was prepared. The 
mold required a flat and smooth surface to obtain straight 
laminates. The inner surface of the mold was covered with a 
layer of nylon thermal paper instead of Vaseline to prevent 
adhesion of the resin to the mold. A digital precision weighing 
device was used to measure the required amounts of resin, 
hardener, and pumpkin powder based on the specified weight 
fractions. All woven fibers used in this study were cut to 25 × 
25 cm using special fiber-cutting scissors, with dimensions 
measured using a digital Vernier caliper. 

Figure 1. Fabrication process of bio-composite materials for bone plate fixation 

Figure 2. Bio composites specimen for tensile test 
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Table 1. Descriptions of the fabricated composite laminates 

No. of 
Laminations Total No. of Layers Layers' Symbol Lamination Layup 

Procedures 
laminate (1) 

Bio epoxy + pumpkin powder + flax fibres 

2%P+1 Flax (1F) - 
laminate (2) 2%P+2 Flax (2F) - 
laminate (3) 2%P+3 Flax (3F) - 
laminate (4) 2%P+4 Flax (4F) - 
laminate (5) Bio epoxy + pumpkin powder+ flax fibers+ 

carbon fiber 
2%P+4 flax (4F) +1 Carbon(1C) 2F+ 1C+ 2F 

laminate (6) 2%P+4 flax (4F) +2 Carbon(2C) 2F+ 2C+ 2F 
laminate (7) Bio epoxy + pumpkin powder + flax 

fibers+ glass fiber 
2%P+4 flax (4F) +1 Glass(1G) 2F+ 1G+ 2F 

laminate (8) 2%P+4 flax (4F) +2 Glass(2G) 2F+ 2G+ 2F 
laminate (9) 

Bio epoxy + pumpkin powder+ UHMWPE 
fibers 

2%P+1 UHMWPE (1U) - 
laminate (10) 2%P+2 UHMWPE (2U) - 
laminate (11) 2%P+3 UHMWPE (3U) - 
laminate (12) 2%P+4 UHMWPE (4U) - 
laminate (13) Bio epoxy + pumpkin powder+ UHMWPE 

fibers+ carbon fiber 
2%P+4 UHMWPE (4U) + 1 Carbon(1C) 2U+1C+2U 

laminate (14) 2%P+4 UHMWPE (4U) + Carbon(2C) 2U+2C+2U 
laminate (15) Bio epoxy + pumpkin powder+ UHMWPE 

fibers+ glass fiber 
2%P+4 UHMWPE (4U) + 1 Glass(1G) 2U+1G+2U 

laminate (16) 2%P+4 UHMWPE (4U) + 2 Glass(2G) 2U+2G+2U 

Table 2. Preparation parameters and material composition for the bio-composite laminates 

Component Description / Specification Quantity / Ratio 
Bio-epoxy resin Liquid resin (Dow Chemical, China) 100 parts by weight 

Hardener Based on supplier recommendation 43 parts by weight (mixing ratio 100:43) 
Pumpkin powder Natural filler, avg. particle size = 1.5 µm 2 wt.% relative to epoxy 

Flax fiber (woven) Natural fiber reinforcement 1 to 4 layers (per laminate type) 
UHMWPE fiber Synthetic fiber reinforcement 1 to 4 layers (per laminate type) 

Carbon fiber Hybrid reinforcement 1 or 2 layers (in combination with base fibers) 
Glass fiber Hybrid reinforcement 1 or 2 layers (in combination with base fibers) 

Molding method Hand lay-up technique Manual layering with gradual resin pouring 
Mold dimensions Flat glass mold with nylon-coated inner surface 25 cm × 25 cm × 0.4 cm 
Curing conditions Ambient temperature curing 48 hours at ~25 ℃ ± 2 ℃ 

Table 3. Physicochemical properties of bio-epoxy and pumpkin powder 

Property Bio-Epoxy Resin Pumpkin Powder Filler 
Density (g/cm³) 1.16 ~0.95–1.00 

Equivalent weight (g/eq) 182–192 – 
Viscosity at 25 ℃ (Pa·s) ~12–14 – 

Thermal stability High (up to 180–200 ℃) Decomposes above 150 ℃ 
Functional groups Epoxy (–CH–CH₂–O–), reactive with amines Cellulose, hemicellulose, lignin 
Particle size (µm) – 1.5 µm (measured) 

Moisture absorption tendency Low Moderate to high (hydrophilic) 
Color/appearance Clear to pale yellow liquid Light brown fine powder 

The hand lay-up technique was used to produce the 
laminated composite material. The matrix resin was first 
mixed with the prepared pumpkin powder at a weight fraction 
of 2%, and stirred thoroughly before adding the hardener to 
avoid agglomeration. The hardener was then added at a mixing 
ratio of 100:43 (resin:hardener). A thin layer of the blend was 
poured gradually into the mold and manually distributed over 
its entire surface. Then, the first fiber layer was added, 
followed by pouring and manually spreading the matrix again. 
This process was repeated—layer by layer—until the required 
number of fiber layers was achieved, as shown in Figure 1. 
The final composite specimens are shown in Figure 2. Each 
laminate was left to cure for 48 hours. After curing, the 
laminates were cut into standard specimen sizes using a water 
jet machine for precision. Table 1 lists the prepared laminated 
composite materials, with the standard specimen consisting of 
bio-epoxy reinforced with 2 wt% pumpkin powder. 

Table 2 summarizes the detailed preparation parameters, 
material compositions, and ratios used during the fabrication 
of each laminate to support reproducibility. Furthermore, 
Table 3 presents the physicochemical properties of the base 

matrix and natural filler used in this study, which are critical 
to understanding composite behavior. 

2.1 Mechanical properties of bio-composite bone plate 

To determine the modulus of elasticity (E), ultimate tensile 
strength (UTS), and elongation (%), a tensile test was 
conducted. The test followed the ASTM D638-03 standard and 
was carried out using a universal tensile testing machine 
(LARYEE) with a load capacity of 50 kN. A strain rate of 5 
mm/min was applied, and the load was increased gradually 
until the specimen fractured. Each reported tensile property 
represents the average value obtained from five specimens, 
and corresponding stress-strain curves were recorded. The 
tests were conducted at a controlled temperature of 25±2℃ 
(room temperature) [20, 21]. 

The laboratory environment maintained a relative humidity 
of 50±5%. All tensile tests were repeated on five identical 
specimens for each laminate type to verify repeatability. No 
external pressure control was applied during curing, as the 
hand lay-up technique relies on ambient atmospheric pressure. 
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2.2 Scanning Electron Microscopy (SEM) 

A scanning electron microscope (SEM) model Inspect S50, 
manufactured by FEI (Netherlands), was used to investigate 
the surface morphology of fractured composite laminates. 
Prior to SEM analysis, the laminated composites were coated 
with gold under high vacuum conditions using a sputtering 
device for ten minutes. The SEM test was performed on nine 
samples, including: 

(1) Bio-epoxy composite reinforced with 2% pumpkin
powder (2%p).

(2) Composite reinforced with 2%p+4 layers of flax fibers
+ 1 and 2 layers of carbon fiber.

(3) Composite reinforced with 2%p+4 layers of flax fibers
+ 1 and 2 layers of glass fiber.

(4) Composite reinforced with 2%p+4 layers of UHMWPE
fibers+1 and 2 layers of carbon fiber.

(5) Composite reinforced with 2%p+4 layers of UHMWPE
fibers+1 and 2 layers of glass fiber.

3. RESULTS AND DISCUSSION

3.1 Tensile properties 

Figures 3 and 4 illustrate the UTS of biocomposites and 
hybrid biocomposites. The figures show that tensile strength 
increases as the number of reinforcement fiber layers increases 
within the bio-epoxy matrix. This improvement is attributed to 
the fiber-matrix bonding nature and the increased load-bearing 
capacity provided by the fibers, which allow for more efficient 
load transfer from the matrix to the fibers [22]. 

Furthermore, it is evident that the tensile strength is more 
significantly enhanced by hybrid reinforcement using carbon 
and glass fibers, compared to using flax or UHMWPE fibers 
alone. Laminates that combine synthetic reinforcements 
demonstrated higher tensile strength values than those 
reinforced solely with natural or synthetic fibers. Among them, 
carbon fiber-reinforced composites yielded better results than 
those reinforced with glass fibers. This is due to the superior 
mechanical properties of carbon fibers which include higher 
stiffness and strength compared to flax and UHMWPE fibers 
[23, 24]. 

Figures also demonstrate that as the number of layers 
increases, the tensile strength of UHMWPE-based hybrid 
laminates exceeds that of flax-based ones. This difference is 
due to the inherently higher tensile strength of UHMWPE 
fibers, which enables them to better withstand the majority of 
the external stress applied to the composite specimens [25, 26]. 
Among all the tested groups, the UHMWPE-based hybrid 
biocomposite exhibited the highest tensile strength, reaching 
134 MPa for the (2%P + 4UHMWPE + 2CF) laminate. In 
contrast, the control specimen (bio-epoxy with 2% pumpkin 
powder only) had a tensile strength of 41 MPa. 

Figures 5 and 6 demonstrate the tensile modulus values of 
the laminated composite materials for each specimen group 
produced in this study. The figures show that the modulus of 
elasticity increases as the number of reinforcement fibre 
layers—either flax or UHMWPE—increases. This can be 
attributed to the enhanced bonding strength and reinforcement 
effect, which provide a strong interface between the matrix 
and the reinforcing elements, thereby improving the efficiency 
of force transfer from the matrix to the fibers. These findings 
are consistent with previous research [27, 28]. 

When woven carbon or glass fibers are added to the fiber 
layers, the tensile modulus of the composite specimens further 
improves, with carbon fiber reinforcement showing better 
performance than glass fiber reinforcement. This is because 
hybrid laminated composite specimens are able to withstand 
higher loads, as carbon and glass fibers possess a higher 
modulus of elasticity and greater resistance to crack 
propagation compared to the matrix [29]. 

Laminates reinforced with UHMWPE fibers exhibited 
higher modulus of elasticity values than those reinforced with 
flax fibers. This is due to the inherently higher Young’s 
modulus of UHMWPE, particularly in the regions of the 
specimen that are subjected to the majority of the externally 
applied stress [26]. Among all the laminates, the specimens 
reinforced with flax fibers displayed the lowest tensile 
modulus. Conversely, the laminated composite specimens 
with four layers of UHMWPE fibers and two layers of carbon 
fibers achieved the highest modulus of elasticity, reaching 4.7 
GPa. In comparison, the control specimen had the lowest 
tensile modulus value of 2.01 GPa. 

Figure 3. Tensile strength of flax-based and hybrid laminate 
composites with varying reinforcement layers 

Figure 4. Tensile strength of UHMWPE-based and hybrid 
laminate composites with varying reinforcement layers 
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Figure 5. Tensile modulus of flax-based and hybrid laminate 
composites with varying reinforcement layers 

Figure 6. Tensile modulus of UHMWPE-based and hybrid 
laminate composites with varying reinforcement layers 

Figure 7. Elongation percentage of flax-based and hybrid 
laminate composites with varying reinforcement layers 

Figure 8. Elongation percentage of UHMWPE-based and hybrid 
laminate composites with varying reinforcement layers 

The elongation percentage values of the laminated 
composite materials for each specimen group investigated in 
this study are shown in Figures 7 and 8. It can be observed 
from the figures that as the number of reinforcement fiber 
layers—whether flax or UHMWPE—increases, the elongation 
percentage of the specimens decreases. This is because the 
laminated composite becomes mechanically constrained by 
the higher stiffness of the fibers compared to the matrix. 

Additionally, natural fibers (flax) exhibit greater elongation 
at break than synthetic fibers (UHMWPE), which is 
considered an important characteristic in polymer engineering 
composites [30]. In hybrid laminates composed of UHMWPE 
or flax fibers combined with glass or carbon fibers, the 
elongation initially increases when the flax or UHMWPE fiber 
content remains constant at four layers. 

Furthermore, it is observed that hybrid laminated 
composites made of flax or UHMWPE fibers combined with 
carbon fiber exhibit lower elongation values than those 
combined with glass fiber. This suggests that while carbon 
fiber is more rigid than glass fiber, it is also less ductile; in 
contrast, glass fiber provides higher elongation at break. 
Elongation percentage decreases as the composite becomes 
more brittle, which aligns with previous findings in the 
literature [31, 32]. 

3.2 Scanning Electron Microscopy (SEM) Results 

SEM was utilized to correlate the mechanical behavior of 
polymeric composite samples with the morphology of their 
fracture surfaces, focusing on different fiber types (flax, 
UHMWPE, glass, and carbon) and varying numbers of 
reinforcement layers. SEM micrographs were obtained from 
fractured surfaces of bio-composite samples subjected to 
tensile testing at 250× magnification, as shown in Figure 9. 

Figure 9(a) shows the fractured surface morphology of the 
standard specimen (bio-epoxy + 2 wt% pumpkin powder). The 
micrograph reveals a homogeneous morphology, where most 
of the pumpkin powder is well-integrated into the bio-epoxy 
matrix. The particles appear to be uniformly distributed within 
the polymer matrix, indicating a good combination between 
particles and matrix material, and suggesting superior 
interfacial adhesion [33, 34]. Figure 9(b) presents the fracture 
surface of a hybrid bio composite consisting of bio-epoxy, 
pumpkin powder, flax fibers, and carbon fibers. The SEM 
image indicates a heterogeneous fracture surface, where most 
flax and carbon fibers are embedded into the matrix. This 
suggests strong interfacial adhesion between the fibers and the 
matrix. The visibility of both flax and carbon fibers in the 
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lamination (5), as marked by red arrows, supports this 
observation. The addition of carbon fibers improved the 
mechanical properties of the composite material [35, 36]. 

(a) Bio epoxy composite reinforced by 2% pumpkin powder

(b) Composite reinforced by 2% p+4 layer flax fibers+ 1&2
layers carbon fiber 

(c) Composite reinforced by 2% p+ 4 layer flax fibers+1&2
layers glass fibers 

(d) Composite reinforced by 2% p+4 layer UHMWPE
fibers+ 1&2 layers carbon fiber 

(e) Composite reinforced by 2% p +4 layer UHMWPE
fibers+ 1&2 layers glass fibers 

Figure 9. SEM Image of fractured surface morphology of 
different bio composite laminations at magnifications (250×) 

Figure 9(c) displays the fracture morphology of lamination 
(7), which appears brittle and discontinuous, showing fiber 
debonding and lower fiber/matrix adhesion. In contrast, the 
fracture surface of lamination (8) reveals a smoother, more 
continuous, and homogeneous interface between fiber and 
matrix. The fibers in this configuration are well embedded in 
the matrix, indicating enhanced interfacial adhesion between 
components [37, 38]. Figures 9(d) represent laminations (13 
and 14), which correspond to hybrid composites reinforced 
with 4 layers of UHMWPE + 1 carbon fiber and 4 UHMWPE 
+ 2 carbon fibers, respectively. These SEM micrographs show

smoother fracture surface morphologies. Most of the carbon 
and UHMWPE fibers are embedded within the matrix, 
suggesting excellent interfacial bonding. These findings 
confirm that the addition of carbon fiber enhances the 
composite’s mechanical performance by strengthening the 
fiber-matrix interface [39, 40]. 

Figure 9(e) compares laminations (15) and (16). Lamination 
(15), reinforced with 4 UHMWPE + 1 glass fiber, exhibits a 
brittle fracture surface with signs of fiber debonding, 
indicating weak fiber/matrix adhesion. In contrast, lamination 
(16), reinforced with 4 UHMWPE + 2 glass fibers, reveals a 
smooth, continuous, and homogeneous surface with well-
incorporated fibers. This morphology suggests that the glass 
fibers formed a strong bond with the bio-epoxy matrix. Overall, 
the fracture surface morphologies varied significantly 
depending on fiber type and layering. Each composite type 
displayed distinct surface features, and the fracture 
morphology consistently reflected the degree of interfacial 
bonding and mechanical behavior of the bio composites. 

A comparative analysis of the mechanical properties across 
all composite specimens reveals significant variations 
depending on the type and configuration of fiber 
reinforcements. The control specimen (bio-epoxy + 2% 
pumpkin powder) exhibited the lowest tensile strength and 
modulus values, recorded at 41 MPa and 2.01 GPa, 
respectively. In contrast, the hybrid laminate reinforced with 4 
layers of UHMWPE and 2 layers of carbon fiber achieved the 
highest tensile strength of 134 MPa and the highest modulus 
of elasticity at 4.7 GPa, indicating an improvement of over 226 
percent in strength and 134% in stiffness compared to the 
control. 

The UHMWPE-based hybrids consistently outperformed 
flax-based hybrids. For instance, the tensile modulus of 
UHMWPE + 2 CF laminates reached 4.7 GPa, while flax + 2 
CF laminates reached 3.1 GPa. Similarly, elongation 
percentages showed an inverse relationship with stiffness. 
Flax-based laminates exhibited higher elongation, peaking at 
6.5% in the 4F + 1GF configuration, while the most rigid 
carbon fiber-reinforced UHMWPE hybrid had a lower 
elongation of 3.1%, confirming that increased stiffness results 
in reduced ductility. The UHMWPE + 2 GF sample recorded 
a modulus of 4.1 GPa and a tensile strength of 121 MPa, while 
its elongation stood at 3.8% which is representing of a more 
balanced stiffness-ductility tradeoff compared to the carbon 
counterpart. 

4. CONCLUSIONS

In conclusion, this study has demonstrated the mechanical
viability of bio-based hybrid composites for use in bone plate 
fixation, particularly by utilizing a combination of natural and 
synthetic fibers with bio epoxy matrix and pumpkin powder. 
The following key findings were observed: 
(1) Tensile strength (TS) increases with the number of fiber

layers. The composite sample with UHMWPE fiber
exhibits higher tensile strength than the sample with flax
fibers for the same number of layers. The maximum value
was observed in the (4U+2C) specimen, which reached
134 MPa.

(2) Tensile modulus values rise as the volume fraction of
fibers (i.e., number of fiber layers) increases. For the same 
number of layers, a composite sample made with
UHMWPE fiber has a higher tensile modulus than one
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made with flax fiber. The highest modulus of elasticity 
recorded was 4.67 GPa for the (4U+2C) sample. 
Furthermore, a composite of UHMWPE with carbon 
fibers exhibited a higher modulus than those made with 
UHMWPE and glass fiber (GF), or UHMWPE alone. 

(3) As the number of reinforcing layers of flax or UHMWPE 
fibers decreased, the percentage elongation increased. 
Composite specimens reinforced with glass and flax or 
UHMWPE fibers showed greater elongation than those 
reinforced with carbon fiber, due to carbon’s higher 
rigidity and stiffness compared to GF. 

(4) Overall, the proposed composite bone plate demonstrated 
mechanical properties suitable for orthopedic applications, 
with strong interfacial bonding observed between 
UHMWPE/bioepoxy and flax/bioepoxy laminate 
interfaces. 

(5) The inclusion of pumpkin powder particles improved 
surface smoothness and minimized imperfections, while 
the fibers contributed mechanical strength and structural 
reinforcement. This combination of fillers and fibers 
produced a durable and functional composite material 
with enhanced performance characteristics. 
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